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0XOWLOHYHO LQYHUWHUV DUH EURDGO\ FODVVLILHG LQWR WKUHH FDWHJRULHV1DPHO\1HXWUDO SRLQW FODPSHG 13&0/,
&DSDFLWRU&ODPSHG0/,DQG&RQYHQWLRQDOFDVFDGHG+EULGJH0/,&+%0/,>@>@>@
2QWKHEDVLVRIWKHXVDJHRIWRWDOQXPEHURIFRPSRQHQWVVZLWFKLQJORVVHVFDSDFLWRUYROWDJHEDODQFLQJSUREOHP
>@ IURP WKHDERYHPHQWLRQHG WRSRORJLHV WKHFDVFDGHG+EULGJHPXOWLOHYHO LQYHUWHU LVSOD\LQJD VXSHULRU UROH
7KLV LV GXH WR LQ FDVH RI13&0/, DQG&DSDFLWRU FODPSHG0/, DV WKH QXPEHU RI YROWDJH OHYHO LQFUHDVHV WKH
UHTXLUHPHQWRIQXPEHURISRZHUGHYLFHVGLRGHVDQGFDSDFLWRUVIRUHDFKSKDVHLQFUHDVHV,QFDVHRI13&0/,LW
UHTXLUHV DW OHDVW P FODPSLQJ GLRGHV DQG P FDSDFLWRUV IRU GLYLGLQJ WKH '& YROWDJH DQG WKH FDSDFLWRU
FODPSHG0/,QHHGVPFODPSLQJFDSDFLWRUV>@7KHHOLPLQDWLRQRIWKHVHGLRGHVDQGFDSDFLWRUVSDYHVWKHZD\
WRWKHRSHUDWLRQRI&+%0/,ZLWKOHVV7+'ZLWKEHWWHURXWSXWYROWDJH
)URP WKH FRPSDULVRQRI&+%0/, DQG FRQYHQWLRQDO OHYHO LQYHUWHUV LW KDVEHHQ QRWLFHG WKDW WKH VZLWFKLQJ
ORVVHVLQ&+%0/,LVOHVVDQGWKHUHLVDPLQLPL]HGVZLWFKVWUHVVDVWKHVHSRZHUVZLWFKHVDUHRSHUDWLQJDWKLJKHU
FDUULHUIUHTXHQFLHV>@(YHQWKRXJKWKLV&+%0/,KDVPDQ\IHDWXUHVLWVXIIHUVIURPWKHGUDZEDFNRILQFUHDVHG
QXPEHURIVZLWFKHVDQG'&VRXUFHVDWKLJKHUOHYHOVPRUHQXPEHURIFDUULHUUHTXLUHPHQWHWF,QRUGHUWRVROYHWKLV
SUREOHPWKHFRQFHSWRIK\EULGPXOWLOHYHOLQYHUWHUFDPHLQWRH[LVWHQFH
+\EULGPXOWLOHYHOLQYHUWHUVDUHWKHRQHZKLFKDFKLHYHVWKHVDPHRXWSXWYROWDJHOHYHOVDVWKDWRI&+%0/,ZLWK
UHGXFHGQXPEHURIFRPSRQHQWVDQGUHGXFHGQXPEHURIWKHVZLWFKHVZKLFKZRUNVDWKLJKHUIUHTXHQFLHV6RPHRI
WKHK\EULG WRSRORJLHV DUH GLVFXVVHG LQ >@  >@$PRQJDOO WKHXQLTXHQHVV LQ SDSHU >@ LV IRU WKH FDVHRI WKUHH
SKDVHWKHXVDJHRI'&VRXUFHVKDVEHHQJUHDWO\UHGXFHGZKHQFRPSDULQJZLWKRWKHU0/,WRSRORJ\6LQFHWKHUHLV
DGHPDQGLQWKHDYDLODELOLW\RILVRODWHG'&VRXUFHVIURPVRODUZLQG%LRJDVHWF,QDGGLWLRQFRPSDULQJK\EULG
0/, WR WKDW RI &+%0/, IHZ VZLWFKHV ZRUN DW KLJKHU IUHTXHQFLHV ZLWK UHGXFHG QXPEHU RI FDUULHUV 7KLV
DGYDQWDJHFDQEHDFKLHYHGE\PRGLI\LQJWKHVWUXFWXUHRI&+%0/,FLUFXLW
7KH SRZHU VZLWFKHV RI WKH0/,V FDQ EH FRQWUROOHG ZLWK WKH KHOS RI 3:0 FRQWURO WHFKQLTXHV 6RPH RI WKH
WHFKQLTXHV DUH VHOHFWLYH KDUPRQLF HOLPLQDWLRQ 6+( 3:0 6SDFH9HFWRU PRGXODWLRQ WHFKQLTXH PXOWLFDUULHU
3:0 WHFKQLTXHV HWF $PRQJ WKHVH WKH PXOWLFDUULHU 3:0 WHFKQLTXH LV PRVW SRSXODUO\ XVHG GXH WR LWV HDV\
LPSOHPHQWDWLRQOHVVPDWKHPDWLFDOFRPSOH[LW\DQGSURYLGLQJEHWWHUSHUIRUPDQFH$GYDQFHG3:0WHFKQLTXHVVXFK
DV VZLWFKLQJ IUHTXHQF\ RSWLPDO 6)2 3:0 VWDLUFDVH PRGXODWLRQ GHOWD PRGXODWLRQ WHFKQLTXH HWF DUH DOVR
DYDLODEOH7KHVHWHFKQLTXHVJLYHPRUHIXQGDPHQWDORXWSXWYROWDJHWKDQWKDWRI63:0WHFKQLTXH
7KLV SDSHU IRFXVHVRQ WKHSHUIRUPDQFH DQDO\VLV RI6)23:0 WHFKQLTXHEDVHG WKUHHSKDVH K\EULGPXOWLOHYHO
LQYHUWHU,WKDVEHHQXVHGWRFRQWURO WKHRXWSXWYROWDJHRIWKHK\EULG0/,ZLWK5/ORDG$FRPSDUDWLYHVWXG\RQ
WULDQJXODU DQG LQYHUWHG VLQH FDUULHU WHFKQLTXH EDVHG6)23:0 LV FDUULHGRXW DQG WKHVH FDUULHUV DUH DUUDQJHG LQ
SKDVHGLVSRVLWLRQ3'DQGDOWHUQDWHSKDVHRSSRVLWLRQGLVSRVLWLRQ$32'
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WRSRORJLHV7KHWKUHHSKDVHFLUFXLWDUUDQJHPHQWLVVKRZQLQ)LJ>@
)RU VLPSOLILFDWLRQ WKH VLQJOHSKDVHFLUFXLW DUUDQJHPHQW LV FRQVLGHUHG WRXQGHUVWDQG WKHRSHUDWLQJSULQFLSOHRI
WKLVK\EULG0/,7KHVLQJOHSKDVHFLUFXLWDUUDQJHPHQWRIWKLVWRSRORJ\SURYLGLQJOHYHORXWSXWLVVKRZQLQ)LJ
>@
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WKH OHYHOV LQ WKH SRVLWLYH VLGH DORQH ZKHUH WKH VZLWFKHV DUH ZRUN DW KLJKHU VZLWFKLQJ IUHTXHQFLHV 7KHPRGHO
RXWSXW YROWDJH RI WKLV VHFWLRQ LV VKRZQ LQ )LJ D 7KH RWKHURQH LV SRODULW\ JHQHUDWLRQ VHFWLRQZKLFK LV D IXOO
EULGJH LQYHUWHU ZKRVH VZLWFKHV DUH ZRUN DW ORZHU IUHTXHQF\ 7KH PRGHO RXWSXW ZDYHIRUP RI WKLV SRODULW\
JHQHUDWLRQVHFWLRQLVVKRZQLQ)LJE+HUH6ZLWFKHVDUHXVHGWRPDLQWDLQWKHSRVLWLYHO\JHQHUDWHGOHYHOV
6ZLWFKHVKHOSLQUHYHUVLQJWKHSRVLWLYHSRODULW\WRQHJDWLYHVLGHIRUJHQHUDWLQJWKHUHTXLUHGQXPEHURIOHYHOV
DQGLWVPRGHORXWSXWLVVKRZQLQ)LJE>@
)RUDOHYHORXWSXWJHQHUDWLRQLQFDVHRIVLQJOHSKDVHWKHVZLWFKHVZKLFKDUHUHVSRQVLEOHIRUUHVSHFWLYHOHYHO
JHQHUDWLRQV/HYHO/HYHO/HYHO/HYHOLVH[SODLQHGDVIROORZV)RUJHQHUDWLQJ/HYHOIURP)LJ WKH
VZLWFKHVDUHUHVSRQVLEOH/HYHO±VZLWFKHV/HYHO±6ZLWFKHV	/HYHO±6ZLWFKHV	
DUHXVHG,QWKHVDPHSULQFLSOHWKHWKUHHSKDVHFLUFXLWDUUDQJHPHQWZRUNVIRUJHQHUDWLQJWKHUHTXLUHGRXWSXWOHYHOV
ZLWKSURSHUSKDVHVKLIW)RUJHWWLQJ WKHKLJKHU OHYHOVZLWK WKHKHOSRI WKLVK\EULG0/, WKHPLGGOHVWDJHRI OHYHO
JHQHUDWLRQSDUWVKRXOGEHUHSHDWHG>@


)LJ7KUHHSKDVHOHYHO+\EULG0/,
)RUWKLVWRSRORJ\WKHVZLWFKLQJFRQWUROVWUDWHJ\FDQEHGHVLJQHGRQO\LQXQLSRODUPRGHJHQHUDWHVSXOVHVLQWKH
SRVLWLYHSRODULW\RQO\7KHUHIRUHWKHUHLVQRQHHGIRUELSRODUPRGHJHQHUDWLRQJHQHUDWLQJSXOVHVLQERWKSRVLWLYH
DQG QHJDWLYH KDOI DV WKLV KLJK IUHTXHQF\ VZLWFKHV ZRUNV RQO\ IRU SRVLWLYH SRODULW\ )URP WKLV LW KDV EHHQ
XQGHUVWRRGWKDWFRPSDUHGZLWKWKH&+%0/,WKHXVDJHRIFDUULHUVKDYHEHHQUHGXFHGWRKDOIDQGWKXVWKHVDPH
RXWSXWYROWDJHLVDFKLHYHGZLWKOHVVQXPEHURIFRPSRQHQWV>@
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PRGXODWLQJVLJQDO>@7KH6)23:0LVJHQHUDWHGZLWKWKHKHOSRIHTXDWLRQV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7KHRXWSXWYROWDJHSURGXFHGE\WKHFRPSDULV
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JOH3KDVHOHYHOK\EULGWRSRORJ\

IFRPSRQHQWV9V2XWSXW9ROWDJH/HYHOV
XW OHYHOVRI WKH LQYHUWHUZKLFK LVGHFLGHGE\HTXDWLRQ
HPHQWLVH[SODLQHGXQGHUOHYHOVKLIWHG3'	$32'
HLVUHTXLUHGIRUJHQHUDWLQJWKHSXOVHV
DEFZLWKWKHFDUULHUVWULDQJXODUDQGLQYHUWHGVLQHZD
UV DUH LQ SKDVHZLWK HDFK RWKHU DQG DUH DUUDQJHG DGMDF
FDUULHUVDUHDUUDQJHGGHJUHHRXWRISKDVHZLWKHDFKR
D	E>@>@
WKHIROORZLQJGHILQLWLRQVVKRXOGEHFRQVLGHUHG
DVPI IFIUZKHUHIFLVWKHIUHTXHQF\RIFDUULHUVLJQD
DVPD $U$FZKHUH$ULVWKHDPSOLWXGHRIUHIHUHQFHV

RQRIFDUULHUZDYHDQGPRGXODWLQJZDYHLVJLYHQE\>@
 ,Q WKLV
WHFKQLTXH
YHZKLFK
HQWO\ DQG
WKHU7KH
OVDQGIULV
LJQDOVDQG
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)LJD/LQH9ROWDJH))76SHFWUXPRI7ULDQJXODUEDVHG3'±6)23:0DWPD DQGPI 

)LJE/LQH9ROWDJH))76SHFWUXPRI7ULDQJXODUEDVHG$32'±6)23:0DWPD DQGPI 

)LJF/LQH9ROWDJH))76SHFWUXPRI,QYHUWHG6LQHEDVHG3'±6)23:0DWPD DQGPI 
,Q WKH VLPXODWLRQ VWXG\ RI K\EULG0/, WRSRORJ\ XQGHU FRQVLGHUDWLRQ IRU JHQHUDWLQJ OHYHOV RXWSXW YROWDJH
WKUHH'&YROWDJHVRXUFHVHDFKRI9IXQGDPHQWDOIUHTXHQF\RIRXWSXWYROWDJH+]DUHXVHGDQGWKHLQYHUWHU
ORDGLVFRQVLGHUHGWREHRI5/5 RKPVDQG/ P+
3HUIRUPDQFHDQDO\VHVDUHFDUULHGRXWEDVHGRQRXWSXWYROWDJHZDYHIRUPVLWVKDUPRQLFVSHFWUXP7+''&
XWLOL]DWLRQUDWH
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)LJG/LQH9ROWDJH))76SHFWUXPRI,QYHUWHG6LQHEDVHG$32'±6)23:0DWPD DQGPI 

   D      E   
)LJ7+'9V&DUULHUEDVHG3:0DWPI FRQVWDQW

   D      E   
)LJ95069&DUULHUEDVHG3:0DWPI FRQVWDQW
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D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E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)LJ'&859V&DUULHUEDVHG3:0DWPI FRQVWDQW
7DEOH7+'9506DQG'&85RI+\EULG0/,E\NHHSLQJPDFRQVWDQWDQGYDU\LQJPI
)UHTXHQF\
0RGXODWLRQ,QGH[

7+' 9506 '&85
7ULDQJXODU ,QYHUWHG6LQH 7ULDQJXODU ,QYHUWHG6LQH 7ULDQJXODU ,QYHUWHG6LQH
$32' 3' $32' 3' $32' 3' $32' 3' $32' 3' $32' 3'
PI             
PI             
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7KHWKUHHSKDVHOHYHOK\EULGPXOWLOHYHOLQYHUWHURXWSXWYROWDJHZDYHIRUPLVVKRZQLQ)LJ
)URPWKHDQDO\VLVLWKDVEHHQREVHUYHGWKDW
)RUWULDQJXODUEDVHG6)23:0PHWKRG
x :KHQPDLQFUHDVHVZLWKFRQVWDQWPIILJDWKH7+'LVQRWYDU\LQJLQSURSRUWLRQDWHRUGHU7KXVE\
FRQVLGHULQJPDIURP±LQRYHUDOOLWKDVEHHQLQIHUUHGWKDWWKHSUHIHUDEOHRSHUDWLQJPRGXODWLRQLQGH[UDQJH
LV IURP  WR :KHUHDV NHHSLQJ PD  FRQVWDQW DQG YDU\LQJ PI LH DV PI LQFUHDVHV WKH PRUH VZLWFKLQJ
DFWLRQVWDNHVSODFHLQWKHLQYHUWHUFLUFXLW$VDUHVXOWWKHUHZLOOEHPRUHLQWHUVHFWLRQVEHWZHHQWKHPRGXODWLQJDQG
FDUULHUVLJQDOV)RUERWK3'	$32'LWKDVEHHQQRWLFHGWKDWWKHUHLVQRVLJQLILFDQWFKDQJHLQLWVFRUUHVSRQGLQJ
SHUIRUPDQFHSDUDPHWHUV7DEOH
x %\FRQVLGHULQJ506YROWDJHDQGLWV'&XWLOL]DWLRQUDWHNHHSLQJPIFRQVWDQWDQGLQFUHDVLQJPD)LJD
DQG)LJD WKHDERYHPHQWLRQHGDUHGLUHFWO\SURSRUWLRQDO:KHUHDVE\NHHSLQJPD FRQVWDQWDQG LQFUHDVLQJ
PIWKHUHLVQRVLJQLILFDQWFKDQJHLQWKHLURXWSXWYROWDJHDQG'&85UDWH7DEOH
x +HUHIRUHYHQWULSOHQPI KDUPRQLFHQHUJ\RIRGGDQGRGGWULSOHQLVFRQFHQWUDWHGLQDQGDURXQGWKH
FDUULHUIUHTXHQF\,QDGGLWLRQWKHORZHUOHYHORGG	WULSOHQKDUPRQLFVOLNHUGWKDUHSUHVHQW)LJDDQGE
)RUWKHFDVHRILQYHUWHGVLQHEDVHG6)23:0PHWKRG
x DV PD LQFUHDVHV ZLWK FRQVWDQW PI WKH 7+' GHFUHDVHV ZLWK LQFUHDVH LQ LWV RXWSXW YROWDJH DQG '&
XWLOL]DWLRQUDWH:KHUHDVZKHQLQFUHDVLQJPIZLWKFRQVWDQWPD WKHUHLVQRVLJQLILFDQWFKDQJHLQLWVHVWLPDWLRQRI
SDUDPHWHUV,QERWKWKHFDVHV3'LVJLYLQJEHWWHUDQDO\VLVUHVXOWDVFRPSDUHGZLWK$32')LJEE	E
x ,QERWK WKHFDVHV3'DQG$32' ORZHURUGHURGGKDUPRQLFV OLNHUGWKWKWKHWFDUHSUHVHQWDQG
WKHVHKDUPRQLFHQHUJLHVDUHVSUHDGWKURXJKRXWWKHVSHFWUXPDVVKRZQLQ)LJFDQG)LJG
7KHFRPSDUDWLYHUHVXOWVVKRZWKDWSKDVHGLVSRVLWLRQ3:0VWUDWHJ\JLYHVKLJKHU5069ROWDJHRI9ZLWK
'&85RIWULDQJXODUFDUULHUEDVHG3'PHWKRGDQG9ZLWK'&85LQYHUWHGVLQHFDUULHU3'
PHWKRG
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PHWKRG7KHSHUIRUPDQFHSDUDPHWHUVVXFKDV IXQGDPHQWDORXWSXWYROWDJH'&XWLOL]DWLRQUDWHDQGWRWDOKDUPRQLF
GLVWRUWLRQ DUH GHWHUPLQHG DW YDULRXV PRGXODWLRQ LQGLFHV )URP WKH DQDO\VLV UHVXOWV LW KDV EHHQ SURYHG WKDW WKH
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